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(54) [Title of the Invention] A 1-azabicycloalkane compound and pharmaceutical application thereof 

(57) [Abstract] 

[Object] To provide a novel compound having an al nicotinic receptor agonist action or an ct7 nicotinic 
receptor partial agonist action that is effective as a therapeutic or preventive agent for disorders such as Alzheimer's 
disease, cognitive function impairment, attention deficit hyperactivity disorder, anxiety, depression, schizophrenia, 
epilepsy, pain, Tourette's syndrome, Parkinson's disease, and Huntington's disease. 

[Means for achieving object] A 1-azabicycloalkane compound having General Formula (I): 
[Chemical Formula 1] 



(the symbols used in the formula are as defined in the specification) or an optical isomer or pharmaceutically 
acceptable salt thereof. 
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[Claims] 

[Claim 1] 1-azabicycloalkane compound having General Formula (I): 
[Chemical Formula 1] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 1 or 2; 
n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic. aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 

[Claim 2] 1-azabicycloalkane compound or an optical isomer or pharmaceutically acceptable salt 
thereof, characterized in that the bicyclic aromatic heterocycle is benzothiophene, benzofuran, 
benzothiazole, or benzoimidazole. 

[Claim 3] 1-azabicycloalkane compound or an optical isomer or pharmaceutically acceptable salt 
thereof of Claim 1, selected from the following compounds: 

(1) 3-((benzo[b]thiophen-2-yl)methoxy)-l-azabicyclo[2,2,2]octane 

(2) (R)-3-((benzo[b]thiophen-2-yl)methoxy)-l-azabicylco[2,2,2]octane 

(3) (S)-3-((benzo[b]thiophen-2-yl)methoxy)- 1 -azabicylco[2,2,2]octane 

(4) 3r((benzo[b]thiophen-3-yl)methoxy)-l-azabicylco[2,2 5 2]octane 

(5) 3-((2-naphthyl)methoxy)- 1 -azabicylco[2,2,2]octane 

(6) 3-((l-naphthyl)methoxy)-l-azabicylco[2,2,2]octane 

(7) 3-(2-(benzo[b]thiophen-2-yl)ethyl)- 1 -azabicylco[2,2,2]octane 

(8) (+)-3-(2-(benzo[b]thiophen-2-yl)ethyl- 1 -azabicylco[2,2,2]octane 

(9) (-)-3-(2-(benzo[b]thiophen-2-yl)ethyl-l -azabicylco[2,2,2]octane 

(10) 3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane 

(11) (+)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)- 1 -azabicylco[2,2,2]octane 

( 1 2) (-)-3-(2-(benzo[b] thiophen-2-y l)-2-oxoethyl)- 1 -azabicy lco[2,2,2]octane 

( 1 3) 3-(2-(benzothiazol-2-y l)-2-oxoethyl)- 1 -azabicylco[2,2,2]octane 

(14) 3-(2-( 1 -methylbenzoimidazol-2-yl)-2-oxoethyl)- 1 -azabicylco[2,2,2]octane 

(15) 3-(2-(benzo[b]furan-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane 
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(16) 3-((benzo[b]thiophen-2-yl)methyl)-l-azabicylco[2 5 2,2]octane 

(17) 3-((benzo[b]thiophen-2-yl)carbonyl)-l-azabicylco[2,2,2]octane 

( 1 8) 3-(3-(benzo[b]thiophen-2-yl)propyl> 1 -azabicylco[2,2,2]octane 

(19) 3-(3-(benzo[b]thiophen-2-yl)-3-oxopropyl)-l-azabicylco[2 J 2,2]octane 

[Claim 4] <x7 nicotinic receptor ligand composed of a 1-azabicycloalkane compound having 
General Formula (I): 

[Chemical Formula 2] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 

[Claim 5] a7 nicotinic receptor agonist or ot7 nicotinic receptor partial agonist composed of a 1- 
azabicycloalkane compound having General Formula (I): 
[Chemical Formula 3] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically - 
acceptable salt thereof 

[Claim 6] Agent for improving cognitive function impairment composed of a 1-azabicycloalkane 
compound having General Formula (I) : 
[Chemical Formula 4] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 
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[Claim 7] Anti-dementia agent composed of a 1-azabicycloalkane compound having General 
Formula (I): 

[Chemical Formula 5] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof 

[Claim 8] Therapeutic agent for schizophrenia composed of a 1-azabicycloalkane compound 
having General Formula (I): 
[Chemical Formula 6] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 

[Claim 9] Agent for alleviating the negative symptoms of schizophrenia, composed of a 1- 
azabicycloalkane compound having General Formula (I): 

[Chemical Formula 7] 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 

[Claim 10] Therapeutic agent for attention deficit hyperactive disorder composed of a 1- 
azabicycloalkane compound having General Formula (I): 



3 



2002-30084 



[Chemical Formula 8] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 

[Claim 1 1] Therapeutic agent for Alzheimer's disease composed of a 1-azabicycloalkane 
compound having General Formula (I): 

[Chemical Formula 9] 

(I) 

(in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m denotes 
1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic aromatic 
heterocycle or an optionally-substituted naphthyl group) or an optical isomer or pharmaceutically 
acceptable salt thereof. 

[Detailed Description of the Invention] 

[0001] 

[Technological Field of the Invention] The present invention concerns a novel 1-azabicycloalkane 
compound that provides a useful drug for the treatment of central nervous system disorders. 
[0002] 

[Prior Art] There are known to be numerous subtypes of nicotinic receptors, with at . least 1 1 
subtypes (a 2-9 and p 2-4) having been identified to date (general reports: Trends in Pharmacological 
Sciences, 12: 34-40, 1991; Progress in Neurobiology, 53: 199-237, 1997). Nicotinic receptors are present 
in the form of pentamers of these subtypes, and they are known to form ion channels and to take calcium 
ions, etc., into the cell. It is known that two subtypes are chiefly present in the brain (a4(52 and ct7), with 
the <x4p2 nicotinic receptor being formed as a heterooligomer of the a4 subunit and p2 subunit and the a7 
nicotinic receptor being formed as a homooligomer of the 0t7 subunit. Moreover, these subtypes (ot4p2 
and al nicotinic receptors) are widely distributed in the brain (in the cerebral cortex, hippocampus, etc.). 
In the central nervous system, nicotinic receptors (a4p2 and a7 nicotinic receptors) are known to be 
involved in a variety of physiological mechanisms, including neuronal development/differentiation, 
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learning and memory formation, and reward (general reports: Brain Research Reviews, 26: 198-216, 
1998; Trends in Neurosciences, 22: 555-561, 1999; Molecular Biology, 20: 1-16, 1999). The pre-synaptic 
nicotinic receptors are known to play a vital role in the release of a variety of neurotransmitters 
(acetylcholine, dopamine, glutaminic acid, etc.) (general reports: Trends in Pharmacological Sciences, 20: 
92-98, 1997; Annual Reviews of Neuroscience, 22: 443-485, 1999; Molecular Neurobiology, 20: 1-16, 
1999). Moreover, the post-synaptic nicotinic receptors are known to play a vital role in cholinergic 
neurotransmission (general reports: Trends in Pharmacological Sciences, 22: 555-561, 1999; Molecular 
Neurobiology, 20: 1-16, 1999). 

[0003] On the other hand, the acetylcholine system is known to constitute one of the main 
neurotransmitters in the central nervous system, and it is known to play a vital role in regulation of 
neuronal activity in the cerebral cortex and hippocampus; the possibility that it may also play a role in 
various central nervous system disorders has been raised. For example, decreases in nicotinic receptors 
(the a4|J2 and al nicotinic receptors) in the acetylcholine system have been reported in specimens of the 
cerebral cortex and hippocampus obtained in autopsies conducted on Alzheimer's disease patients 
(Journal of Neurochemistry, 46: 288-293, 1986; Alzheimer's Disease Reviews, 3: 20-27, 1998; 
Alzheimer's Disease Reviews, 3: 28-34, 1998). In addition, it has been reported that the amount of mRNA 
in the a7 nicotinic receptors in the lymphocytes of Alzheimer's disease patients was significantly higher 
than that in the al nicotinic receptors in the lymphocytes of healthy subjects (Alzheimer's Research, 3: 
29-36, 1997). Furthermore, it has been reported that the amount of mRNA in the al nicotinic receptors in 
the hippocampus of Alzheimer's disease patients is significantly increased compared to that in the al 
nicotinic receptors in the hippocampus of healthy subjects (Molecular Brain Research, 66: 94-103, 1999). 
In this report, as no difference was observed between the amount of RNA in receptors of other- subtypes 
(ot3 and oc4) between the brains of healthy subjects and Alzheimer's disease patients, this indicates that 
the al nicotinic receptor may play an important role in the pathology of Alzheimer's disease. In a study 
using a rat cerebral cortex primary culture system, it was found that nicotine exerts a neuroprotective 
action against neurotoxicity induced by amyloid (3 peptides via the al nicotinic receptor (Annuals 1 of 
Neurology, 42: 159-163, 1997). It is thought that one of the mechanisms of neurotoxicity due to amyloid 
(3 peptide may be oxidative stress due to the radical response, and it is indicated that stimulation of the 
nicotinic receptors may regulate intercellular oxidative stress. Accordingly,. it is considered highly likely 
that the al nicotinic receptor constitutes a causative factor in Alzheimer's disease or may play a role at 
the site of action of therapeutic agents for the disease. 



1 Translator's note: Probably "Annals of Neurology." 
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[0004] The connection between schizophrenics and the oc7 nicotinic receptor has also attracted 
widespread attention (general reports: Harvard Reviews of Psychiatry, 2: 179-192, 1994; Schizophrenia 
Bulletin, 22: 431445, 1996; Schizophrenia Bulletin, 24: 189-202, 1998; Trends in Neurosciences, 22: 
555-561, 1999). Moreover, it has been reported that the number of a7 nicotinic receptors is reduced in 
brain specimens obtained in autopsies of schizophrenics (hippocampus, frontal cortex, etc.) 
(Schizophrenia Bulletin, 22: 431-445, 1996; Schizophrenia Bulletin, 24: 189-202, 1998; NeuroKeport, 10: 
1779-1782, 1999). It has also been reported that abnormal sensory gating observed in schizophrenics is 
improved by administration of nicotine, and that the al nicotinic receptor may play a role in this 
phenomenon. Accordingly, it is considered highly likely that the cc7 nicotinic receptor plays a role in the 
etiology of schizophrenia. Incidentally, although the pathological mechanism of schizophrenia has not 
been clarified at present, a widely-held theory suggests that there is a decrease in the neurotransmission 
system of glutaminic acid, an excitatory amino acid (general reports: Harvard Reviews of Psychiatry, 3: 
241-253, 1996; American Journal of Psychiatry, 148: 1301-1308, 1991; Archives of General Psychiatry, 
52: 998-1007, 1995). By inducing the pre-synaptic release of glutaminic acid, oc7 nicotinic receptor 
agonists activate the reduced glutaminic acid neurotransmission system and alleviate symptoms in 
schizophrenics (positive symptoms, negative symptoms, cognitive function impairment, etc.). Thus it is 
considered highly likely that the al nicotinic receptor is involved at the site of action of therapeutic 
agents for schizophrenia. 

[0005] Moreover, it is possible that al nicotinic receptor agonists may also play a role in 
inhibiting smoking because of the presence of al nicotinic receptors in the compensation system thought 
to play a role in dependency on smoking (Trends in Neurosciences, 22: 555-561, 1999; NeuroReport, 10: 
697-702, 1999; Neurosciences, 85: 1005-1009, 1998). Because of these findings, it is thought that al 
nicotinic receptor agonists or al nicotinic receptor partial agonists are useful as therapeutic or preventive 
agents for Alzheimer's disease, cognitive function impairment, attention deficit hyperactive disorder, 
anxiety, depression, schizophrenia, epilepsy, pain, Tourette ? s syndrome, Parkinson's disease, Huntington's 
disease, etc., and that they may be more beneficial than 0t4p2 nicotinic receptor agonist compounds. 
Accordingly, agonists or partial agonists that are selective for the al nicotinic receptor are desirable. 
Moreover, as the present drug exerts a neuroprotective action, it is useful as a therapeutic or preventive 
agent for neurodegenerative diseases involving abnormalities in cholinergic neurotransmission. It may 
also be useful in promoting inhibition of smoking. 

[0006] An example of a known al nicotinic receptor partial agonist is 3-[(2,4- 
dimethoxy)benzylidene]anabasine (Development Code GTS-21: WO94/05288), and an example of a 
known al nicotinic receptor is spiro[l-azabicyclo[2.2.2]octan-3,5 , -oxazolidin-2 , -one] (Development 
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Code AR-R 17779: WO96/06098), but both of these substances are known to have drawbacks such as a 
weak affinity for the al receptor and low passage into the brain. Furthermore, WO97/30998 presents an 
azabicyclo ester compound of carbaminic acid, an al NAChR (<x7 nicotinic acetylcholine receptor) 
agonist, but this compound does not show strong receptor affinity. Other known substances include a 1- 
azacycloalkane compound having an affinity for the muscarinic receptors as a compound having a 
structure similar to that of the present compound (Japanese Unexamined Patent Application No. H4- 
226981), an azabicyclo compound as a calcium channel antagonist (National Patent Publication 2 7- 
503463), and quinuclidine (National Patent Publications H8-500098 and H8-504803), 3-(2-oxo-2- 
phenylethyl)quinuclidine, and 3-(2-phenylethyl)quinuclidine derivatives as squalane synthetase inhibitors 
(Khim. Geterotsikl. Soedin. 1983, Vol. 3, pp. 381-385 (Chemical Abstract, 100: 22563w). However, none 
of these substances are intended for use as an al nicotinic receptor agonist. 
[0007] 

[Problems to be Solved by the Invention] The present invention provides a novel compound 
having a powerful al nicotinic receptor agonist action or al nicotinic receptor partial agonist action that 
is useful as a therapeutic or preventive agent for disorders such as Alzheimer's disease, cognitive function 
impairment, attention deficit hyperactive disorder, anxiety, depression, schizophrenia, epilepsy, pain, 
Tourette's syndrome, Parkinson's disease, and Huntington's disease, a therapeutic or preventive agent for 
neurodegenerative diseases involving abnormalities in cholinergic neurotransmission, or as an anti- 
smoking agent. 

[0008] 

[Means for Solving Problems] The inventors of the present invention conducted thorough 
research and found that the 1-azabicycloalkane compound having General Formula (I) below, or an 
optically active isomer or pharmaceutical^ acceptable salt thereof, has a selective and powerful affinity 
for the al nicotinic receptor, discovering that it has a particularly selective and piowerful action as an al 
nicotinic receptor agonist or al nicotinic receptor partial agonist. Accordingly, the compound of the 
present invention should be useful as a therapeutic or preventive agent for disorders such as Alzheimer's 
disease, cognitive function impairment, attention deficit hyperactive disorder, anxiety, depression, 
schizophrenia, epilepsy, pain, Tourette's syndrome, Parkinson's disease, and Huntington's disease, a 
therapeutic or preventive agent for neurodegenerative diseases involving abnormalities in cholinergic 
neurotransmission, or as an anti-smoking agent. The invention is presented below. 

1. 1-azabicycloalkane compound having General Formula (I): 



Translator's note: The Japanese term tokuhyo refers to a published Japanese translation of a PCT application. 
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[0009] 

[Chemical Formula 1] 

(I) 

[0010] (in the formula, X is either not present or denotes O, S, or NH; Y denotes CH 2 or C=0; m 
denotes 1 or 2; n denotes 0 or an integer from 1 to 3; and Ar denotes an optionally-substituted bicyclic 
aromatic heterocycle or an optionally-substituted naphthyl group) or an optical isomer or 
pharmaceutical^ acceptable salt thereof. 

2. 1-azabicycloalkane compound or an optical isomer or pharmaceutically acceptable salt thereof, 
characterized in that the bicyclic aromatic heterocycle is benzothiophene, benzofuran, benzothiazole, or 
benzoimidazole. 

[001 1] 3. 1-azabicycloalkane compound or an optical isomer or pharmaceutically acceptable salt 
thereof of Claim 1, selected from the following compounds: 

(1) 3-((benzo[b]thiophen-2-yl)methoxy)-l-azabicyclo[2,2,2]octane 

(2) (R)-3-((benzo[b]thiophen-2-yl)methoxy)-l-azabicylco[2,2,2]octane 

(3) (S)-3-((benzo[b]thiophen-2-yl)methoxy)-l-azabicylco[2,2,2]octane 

(4) 3-((benzo[b]thiophen-3-yl)methoxy)-l-azabicylco[2,2,2]octane 

(5) 3-((2-naphthyl)methoxy)- 1 -azabicylco[2,2,2]octane 

(6) 3-((l-naphthyl)methoxy)-l-azabicylco[2,2,2]octane 

(7) 3-(2-(benzo[b]thiophen-2-yl)ethyl)-l -azabicylco[2,2,2]octane 

(8) (+)-3-(2-(benzo[b]thiophen-2-yl)ethyl-l-azabicylco[2,2,2]octane 

(9) C-)-3-(2-(benzo[b]thiophen-2-yl)ethyl-l-azabicylco[2,2,2]octane . 

( 1 0) 3-(2-(benzo[b]thiophen-2-yl)-2 -oxoethyl)- 1 -azabicylco[2,2,2]octane 

(11) (+)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l -azabicylco[2,2,2]octane 

(12) (-)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane 

(13) 3-(2-(benzothiazol-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane 

( 14) 3-(2-( 1 -methylbenzoimidazol-2-yl)-2-oxoethyl)- 1 -azabicylco[2,2,2]octane 

( 1 5) 3-(2-(benzo[b]furan-2-yi)-2-oxoethyl)- 1 -azabicylco[2,2,2]octane 

( 1 6) 3-((benzo[b]thiophen-2-yl)methyl)- 1 -azabicylco[2,2,2]octane 

( 1 7) 3-((benzo[b]thiophen-2-y l)carbonyl)- 1 -azabicylco[2,2,2]octane 

(18) 3-(3-(benzo[b]thiophen-2-yl)propyl)-l-azabicylco[2,2,2]octane 

( 1 9) 3-(3-(benzo[b]thiophen-2-yl)-3-oxopropyl)- 1 -azabicylco[2,2,2]octane 
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[0012] 

4. An al nicotinic receptor ligand composed of the 1-azabicycloalkane compound of General 
Formula (I) or an optical isomer or pharmaceutically acceptable salt thereof. 

5. An al nicotinic receptor agonist or al nicotinic receptor partial agonist composed of the 1- 
azabicycloalkane compound of General Formula (I) or an optical isomer or pharmaceutically acceptable 
salt thereof. 

6. An agent for improving cognitive function impairment composed of the 1-azabicycloalkane 
compound of General Formula (I) or an optical isomer or pharmaceutical^ acceptable salt thereof. 

7. An antidementia agent composed of the 1-azabicycloalkane compound of General Formula (I) 
or an optical isomer or pharmaceutically acceptable salt thereof. 

8. An therapeutic agent for schizophrenia composed of the 1-azabicycloalkane compound of 
General Formula (I) or an optical isomer or pharmaceutically acceptable salt thereof. 

9. An agent for alleviating the negative symptoms of schizophrenia composed of the 1- 
azabicycloalkane compound of General Formula (I) or an optical isomer or pharmaceutically acceptable 
salt thereof. 

10. A therapeutic agent for attention deficit hyperactive disorder composed of the 1- 
azabicycloalkane compound of General Formula (I) or an optical isomer or pharmaceutically acceptable 
salt thereof. 

1 1. A therapeutic agent for Alzheimer's disease treatment drug composed of the 1- 
azabicycloalkane compound of General Formula (I) or an optical isomer or pharmaceutically acceptable 
salt thereof. 

[0013] 

[Description of Preferred Embodiments] Practical examples of the various groups shown in the 
above General Formula (I) are as follows. The bicyclic aromatic heterocycle in Ar denotes a condensed 
structure in which the aromatic heterocycle and benzene ring are the same or different, and aromatic 
heterocycles share portions of each other's rings, with examples including benzoxazole, benzothiazole, 
1,2-benzisoxazole, 1,2-benzisothiazole, indole, 1-benzofuran, 1-benzothiophene, quinoline, isoquinoline, 
and quinazoline. Moreover, Ar may be bonded to Y from any carbon atom on its ring. 

[0014] The substituent of the bicyclic aromatic heterocycle may be selected from substances such 
as (1) a halogen selected from fluorine, chlorine, bromine, and iodine, (2) an alkyl having 1-4 carbon 
atoms selected from methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, etc., (3) an alkoxy 
composed of an alkyl having 1-4 carbon atoms and an oxygen atom selected from methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, tertiary butoxy, etc., (4) a haloalkyl having 1-4 carbon atoms selected from 
fluoromethyl, difluoromethyl, trifluoromethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl, etc., 
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(5) a hydroxyl, (6) an amino, (7) a dialkylamino having various independent alkyls with 1-4 carbon atoms 
selected from dimethylamino, diethylamino, N-methyl-N-ethylamino, pyrrolidin-l-yl, piperadin-l-yl, etc., 
in which the alkyl portion may form a ring, (8) a nitro, (9) a cyano, (10) an acyl composed of an alkyl 
having 1-4 carbon atoms and a carbonyl selected from formyl, acetyl, propionyl, 2-methylpropionyI, 
butyl, etc., (1 1) a carboxylic acid, (12) an ester composed of an alkoxy having 1 -4 carbon atoms and a 
carbonyl selected from methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, 
butoxycarbonyl, and tertiary butoxycarbonyl, etc., (1 3) a carbamoyl, an N-alkylcarbamoly, or an N,N- 
dialkylcarbamoyl composed of a monoalkylamino or dialkylamino and a carbonyl, (15) an amylamino or 
diamylamino composed of an acyl (as defined above) and an amino, (16) a thiol, (17) an alkylthio 
composed of an alkyl having 1 -4 carbon atoms and a sulfur atom selected from methylthio, ethylthio, 
propylthio, and butylthio, (18) an alkoxycarbonyl amino composed of an ester and an amino, (19) a 
sulfamoyl, (20) an N-alkylsulfamoyl or N,N-dialkylsulfamoyl composed of a monoalkylamino or 
dialkylamino and a sulfone, etc., and Ar may be substituted at one or more positions, and preferably 1-3 
positions, on any desired carbon atom of Ar. Moreover, in cases where the aforementioned same or 
different substituent is present on a carbon atom contiguous to Ar, the contiguous substituents may form a 
new ring. 

[0015] Preferred compounds included in General Formula (I) are as follows. The numbers refer to 
the relevant working examples. 

(1) 3-((benzo[b]thiophen-2-yl)methoxy)-l-azabicyclo[2,2,2]octane, (2) (R)-3-((benzo[b]thiophen- 
2-yl)methoxy)-l-azabicylco[2,2,2]octane, (3) (S)-3-((benzo[b]thiophen-2-yl)methoxy)-l- 
azabicylco[2,2,2]octane, (5) 3-((2-naphthyl)methoxy)- 1 -azabicylco[2,2,2]octane, (7) 3-(2- 
(benzo[b]thiophen-2-yl)ethyl)-l-azabicylco[2,2,2]octane, (8) (+)-3-(2-(benzo[b]thiophen-2-yl)ethyl-l - 
azabicylco[2,2 > 2]octane, (9) (-)-3-(2-(ben2o[b]thiophen-2-yl)ethyl-l-azabicylco[2,2,2]octane, (10) _3-(2- 
(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane, (1 1) (+)-3-(2-(benzo[b]thiophen-2-yl)-2- 
oxoethyl)-l-azabicylco[2,2,2]octane, (12) (-)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l- 
azabicylco[2,2,2]octane, (13) 3-(2-(benzothiazol-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane, (15) 3-(2- 
(benzo[b]furan-2-yl)-2-oxoethyl)-l-azabicylco[2,2,2]octane. 

[0016] Examples of the compound of General Formula (I) or a pharmaceutical^ acceptable salt 
thereof include acid addition salts of an inorganic acid (hydrochloric acid, hydrobromic acid, sulfuric 
acid, phosphoric acid, bromic acid, nitric acid, etc.) or an organic acid (acetic acid, propionic acid, 
succinic acid, glycolic acid, lactic acid, malic acid, tartaric acid, citric acid, maleic acid, fumaric acid, 
methane sulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, camphor sulfonic acid, ascorbic acid, 
etc.). For purposes of crystallization of the compound, moreover, this may also be an oxalate. As the 
compound of General Formula (I) or a hydrate or pharmaceutical^ acceptable salt thereof may be present 
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in the form of a hydrate or solvate, such hydrates (1/2 hydrate, 1/3 hydrate, 1 hydrate, 3/2 hydrate, 2 
hydrate, 3 hydrate, etc.) and solvates are also included in the invention. In cases where the compound of 
General Formula (I) contains an asymmetric atom, at least two types of optical isomers are present. These 
optical isomers and racemates thereof are included in the present invention. 

[0017] The compound of the present invention included in General Formula (I) may be .. 
synthesized by the following method. In the reaction formula, the symbols are the same as specified 
above, unless other special definitions are given. 

Synthesis Method 1 

[0018] 

[Chemical Formula 1 1] 
[See formula, bottom of pg. (7)] 

[0019] The compounds of Formula (1) or Formula (2) (in the formula, J denotes a suitable 
leaving group generally used in organic synthesis chemistry, such as a chlorine atom, bromine atom, 
iodine atom, trifluoromethanesulfonyl oxide, p-toluenesulfonyl oxide, methane sulfonyl oxide) are 
reacted for 0. 1-48 hours at a temperature ranging from room temperature to reflux temperature in an 
appropriate solvent that does not impede the progress of the reaction (benzene, toluene, xylene, 
dimethylformamide, dimethylsulfoxide, N-methyl-2-pyrrolodine, or a mixed solvent thereof) in the 
presence of a suitable salt generally used in organic synthesis chemistry such as sodium methoxide, 
sodium ethoxide, potassium methoxide, potassium ethoxide, potassium tertiary butoxide, sodium, 
potassium, potassium carbonate, potassium hydrogen carbonate, sodium carbonate, sodium hydrogen 
carbonate, sodium acetate, potassium acetate, sodium hydroxide, potassium hydroxide, sodium hydroxide 
[sic], sodium hydride, or butyllithium, and a suitable acid generally used in organic synthesis chemistry, 
such as dilute hydrochloric acid or dilute sulfuric acid, may be used to obtain the compound shown in 
Formula (3) by deprotecting boron. 

Synthesis Method 2 

[0020] 

[Chemical Formula 12] 
[See formula on pg. 8] 

[0021] The compound shown in Formula (5) can be obtained by reacting the compound of 
Formula (4) with N,0-dimethyl hydroxylamine in a suitable solvent that does not impede the progress of 
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the reaction (benzene, toluene, xylene, ethyl acetate, dimethylformamide, dimethylacetamide, 
dimethylsulfoxide, N-methyl-2-pyrrolidone, methylene chloride, chloroform, ethylene dichloride, 
tetrahydrofuran, dioxane, diethyl ether, diisopropyl ether, or any desired mixture of these solvents) in the 
presence of a suitable base that does not impede the progress of the reaction (triethylamine, pyridine, 
dimethylaminopyridine, diisopropylethylamine, potassium carbonate, potassium hydrogen carbonate, 
sodium carbonate, sodium hydrogen carbonate, etc) and reacting for 0.1-48 hours at -78°C to the solvent 
reflux temperature adding a suitable condensing agent (diethylcyanophosphate, benzotriazol-l-yl oxy- 
tris(dimethylamino)phosphonium hexafluorophosphate (Bop reagent), l-methyl-3-(3- 
dimethylaininopropyl)carbodiimide (WSCI), 1,3-dicyclohexyl carbodiimide (DCCD), etc.). Moreover, 
the compound of Formula (5) may be obtained by adding a suitable acid hydride at -20°C-10°C (pivaroyl 
chloride, isobutyl chlorocarbonate, ethyl chlorocarbonate, etc.) in the presence of a suitable solvent that 
will not impede the progress of the reaction with Compound (4) (benzene, toluene, xylene, ethyl acetate, 
dimethylformamide, dimethylacetamide, dimethylsulfoxide, N-methyl-2-pyrrolidone, methylene chloride, 
chloroform, ethylene dichloride, or any desired mixed solvent thereof, etc.) in the presence of a suitable 
base that will not impede the progress of the reaction (triethylamine, pyridine, dimethylaminopyridine, 
diisopropyl ethylamine, potassium carbonate, potassium hydrogen carbonate, sodium carbonate, sodium 
hydrogen carbonate, etc.) to produce a mixed acid anhydride, adding N,0-dimethylhydroxylamine, and 
carrying out a reaction for 0.1-48 hours at a temperature ranging from 0°C to the solvent reflux 
temperature. Moreover, the compound of Formula (5) may be obtained by reacting with Compound (4) a 
suitable halogenating agent (phosphorus oxychloride, phosphorus pentachloride, thionyl chloride, 
phosphorus tribromide, phosphorus pentabromide, thionyl bromide, etc.) or l,l'-carbonyl bis-III- 
imidazole, etc., to obtain a reactive intermediate and reacting this intermediate with N,0-dimethyl 
hydroxylamine. 

[0022] The compound of Formula (7) can be obtained by reacting the compound of Formula (6) 
(in the formula, M is a metal such as lithium, magnesium chloride, or magnesium bromide) and the 
compound of Formula (5) in a solvent that does not impede the progress of the reaction (diethyl ether, 
diisopropyl ether, tetrahydrofuran, 1,4-dioxane, or mixed solvents thereof) at a temperature ranging from 
-78°C to the solvent reflux temperature for 0.1-24 hours. The compound of Formula (8) can be obtained 
by reacting the compound of Formula (7) in trifluoroacetic acid to which triethylsilane has been added for 
1-24 hours at temperature ranging from 0°C to the solvent reflux temperature. Moreover, the compound 
of Formula (8) can be obtained by reacting the compound of Formula (7) for one day with a suitable 
reducing agent such as sodium borohydride, lithium aluminum hydride, or diisopropyl aluminum hydride 
to obtain an alcohol, dissolving this alcohol in acetonitrile, adding sodium iodide or chlorotrimethylsilane 
and reacting for 0.1-24 hours at a temperature ranging from 0°C to the solvent reflux temperature. 
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[0023] The compound of the present invention obtained in this manner can be isolated and 
purified by a conventional method such as recrystallization or column chromatography. When the 
reaction product obtained is a racemate, it can be fractionated to obtain the desired optical activity, e.g. by 
carrying out separate recrystallization with an optically active acid and salt or passing an optically active 
carrier through a packed column. The individual diasteromers may be isolated by means such as separate 
crystallization or chromatography. These may be obtained by using optically active raw material 
compounds, etc. Moreover, stereoisomers may also be isolated by methods such as recrystallization and 
column chromatography. 

[0024] In cases where the 1-azabicycloalkane compound of the invention or an optical isomer or 
pharmaceutical^ acceptable salt thereof is used as a drug, it may be orally or parenterally administered in 
the form of a pharmaceutical composition or formulation (tablets, pills, capsules, granules, powder, syrup, ; 
emulsion, elixir, suspension, solution, injection, drip infusion, suppositories, etc.) obtained by mixing the 
compound of the present invention with a pharmaceutical^ acceptable carrier (excipients, binders, 
disintegrating agents, flavorings, aromatic agents, emulsifiers, diluents, dissolution auxiliaries, etc.). The, 
pharmaceutical composition may also be formulated according to a common method. In the present 
specification, the term parenteral administration includes subcutaneous injection, intravenous injection, 
intramuscular injection, intraperitoneal injection, and intravenous drip infusion. Injection formulations 
such as aqueous suspensions for sterile injection and oily suspensions may be formulated by a method, 
known in the field in question using an appropriate dispersing agent, humidifying agent, or suspending 
agent. This formulation for sterile injection may be e.g. a solution or suspension that can be injected in a 
sterile manner in a diluent or solvent that can be given by non-toxic parenteral administration. Acceptable 
vehicles or solvents that can be used include water, ringer's solution, isotonic saline, etc. Moreover, a 
sterile non-volatile oil may also be used as an ordinary solvent or a suspending solvent. For this purpose, 
one may use a so-called non-volatile oil or a fatty acid, and this also includes natural, synthetic, or semi- 
synthetic fatty oils or fatty acids and natural, synthetic, or semi-synthetic mono-, di-, or triglycerides. 

[0025] Suppositories for rectal administration may be manufactured by mixing the drug with a 
suitable non-irritating excipient such as cocoa butter or polyethylene glycol that is solid at room 
temperature but liquid at the temperature inside the intestinal tract, and therefore melts in the rectum, 
allowing the drug to be released. Examples of solid administration forms for oral administration include 
the aforementioned powders, granules, tablets, pills, and capsules. In these types of preparation forms, the 
active ingredient may be mixed with at least one additive, such as sucrose, lactose, cellulose, mannitol, 
maltitol, dextran, starch, agar, alginate, chitin, chitosan, pectin, traganth gum, gum arabic, gelatin, 
collagen, casein, albumin, and synthetic or semi-synthetic polymers or glycerides. These preparation 
forms may also contain additives such as inactive diluents, lubricants such as magnesium stearate, 
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preservatives such as paraben and sorbin, antioxidants such as ascorbic acid, a-tocopherol, and cysteine, 
decomposing agents, binders, thickeners, buffers, sweeteners, flavor-enhancing agents, and perfumes. 
Tablets and pills may also be manufactured with an enteric coating. Examples of solutions for oral 
administration include pharmaceutical^ acceptable emulsions, syrups, elixirs, suspensions, and solution 
preparations, and these may also contain active diluents commonly used in the field in question such as 
water. 

[0026] The compound of General Formula (I) and optical isomers or pharmaceutical^ acceptable 
salts thereof has a selective and powerful a7 nicotinic receptor agonist or a7 nicotinic receptor partial 
agonist action, and it is effective as a therapeutic or preventive agent for Alzheimer's disease, cognitive 
function impairment, attention deficit hyperactive disorder, anxiety, depression, schizophrenia, epilepsy, 
pain, Tourette's syndrome, Parkinson's disease, and Huntington's disease, a therapeutic or preventive 
agent for neurodegenerative diseases involving abnormalities in cholinergic neurotransmission, and as an 
anti-smoking agent. The administered dose is determined taking into consideration age, weight, general 
health, sex, eating habits, administration period, administration method, excretion rates, drug 
composition, and the severity of the condition for which the patient is being treated, as well as other 
factors. The compound of the present invention and optical isomers or pharmaceutically acceptable salts 
thereof are low in toxicity and may therefor be safely used, and although the daily dose varies depending 
on the status and body weight of the patient, the type of compound, the administration route, etc., as an 
example, in parenteral administration, such as subcutaneous, intravenous, intramuscular, or rectal 
administration, the dose is approximately 0.01-50 mg/person/day, and preferably 0.01-20 mg/person/day, 
and in oral administration, it is approximately 0.01-150 mg/person/day, and preferably 0: 1 - 1 00 
mg/person/day. Moreover, this compound, which has a selective and powerful affinity for the <x7 nicotinic 
receptors, is useful for applications such as a compound for labeling the a? nicotinic receptors in the brain 
as an a7 nicotinic receptor ligand. 

[0027] 

[Working Examples] In the following, the invention will be explained in further detail by means 
of working examples, formulation examples, and experimental examples, but these examples by no means 
limit the invention. 

[Working Example 1] 

[0028] 

[Chemical Formula 13] 
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[0029] 0.5 g of l-azabicyclo[2 5 2,2]octan-3-ol-borane complex was dissolved in 5 mL of 
dimethylformamide, 0.17 g of sodium hydride (60%) was added under ice cooling, and the mixture was 
agitated for 30 minutes. 0.77 g of 2-chloromethylbenzo[b]thiophene was added to the reaction solution, 
and the mixture was agitated for an additional hour. After completion of the reaction, the reaction solution 
was poured into ice water, and it was extracted with ethyl acetate and dried with sodium sulfate. Residue 
obtained by concentrating the solvent was subjected to silica gel chromatography, and a hexane : ethyl 
acetate = 9:1 elution fraction was concentrated to obtain 03 g of a 3-((benzo[b]thiophen-2-yl)methoxy)- 
l-azabicyclo[2,2,2]octane-borane complex. This compound was dissolved in 10 mL of acetone, 3 N 
hydrochloric acid was added under ice cooling, and agitation was carried out for one hour at room 
temperature. After completion of the reaction, the solvent was concentrated to obtain residue, water was 
added to this residue, and it was extracted with ethyl acetate and dried with sodium sulfate: The solvent 
was concentrated to obtain residue, the residue was dissolved in ethyl acetate, and hydrochloric acid-ether 
was added to precipitate crystals, which were then filtered to obtain 0. 17 g of 3-((benzo[b]thiophen-2- 
yl)methoxy)-l-azabicyclo[2,2,2]octane hydrochloride • 1/2 hydrate. Melting point 201-203?C. = 

[Working Example 2] 

[0030] 

[Chemical Formula 14] 

[003 1] The same reaction as in Working Example 1 was carried out using 0.065 g of a (R)-l - 
azabicyclo[2,2,2]octan-3-ol-borane complex to obtain 0.021 g of (R)-3-((benzo[b]thiophen-2- 
yl)methoxy)-l-azabicyclo[2,2,2]octane hydrochloride. Melting point 21 1-21 2°C [a] D = -52° (c = 0.23, 
MeOH) 

[Working Example 3] 
[0032] 

[Chemical Formula 15] 

[0033] The same reaction as in Working Example 1 was carried out using 0.37 g of a (S)-l- 
azabicyclo[2,2,2]octan-3-oI-borane complex to obtain 0.061 g of (S)-3-((benzo[b]thiophen-2- 
yl)methoxy)-l-azabicyclo[2,2,2]octane hydrochloride. Melting point 21 1-213°C. [a] D = +56° (c = 0.25, 
MeOH) 

[Working Example 4] 
[0034] 

[Chemical Formula 16] 



15 



2002-30084 



[0035] The same reaction as in Working Example 1 was carried out using 0.77 g of 3- 
chloromethylbenzo[b]thiophene to obtain 0.155 g of 3-((benzo[b]thiophen-3-yl)methoxy)-l- 
azabicyclo[2,2,2]octane hydrochloride • 3/2 hydrate. Melting point 153-156°C. 

[Working Example 5] 

[0036] 

[Chemical Formula 17] 

[0037] The same reaction as in Working Example 1 was carried out using 0.74 g of 2- 
chloromethylnaphthalene to obtain 0.103 g of 3-((2-naphthyl)methoxy)-l-azabicyclo[2,2,2]octane 
hydrochloride • 1 hydrate. Melting point 187-189°C. 

[Working Example 6] 

[0038] 

[Chemical Formula 18] 

[0039] The same reaction as in Working Example 1 was carried out using 0.74 g of 1- 
chloromethyl naphthalene to obtain 0.1 g of 3-((l-naphthyl)methoxy)-l-azabicyclo[2,2,2]octane 
hydrochloride. Melting point 191-194°C. 

[Working Example 7] 

[0040] 

[Chemical Formula 19] 

[0041] 1.2 g of 3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicyclo[2,2,2]octane was 
dissolved in 10 mL of trifluoroacetic acid, 1.7 mL of triethylsilane was added, and the mixture was 
agitated for S days at room temperature. The reaction system was diluted with 30 mL of water, it was 
alkalinized with sodium hydrochloride, and the target substance was extracted three times with 
chloroform. The organic layer was dried with sodium sulfate and concentrated to obtain residue which 
was subjected to silica gel column chromatography, and a hexane : ethyl acetate = 7:3-6:4 elution 
fraction was concentrated. The residue was dissolved in acetone, 32% methanol chloride was added to 
prepare hydrochloride, the solvent was distilled off under a vacuum, isopropanol was added, and the 
precipitated crystals were filtered off to obtain 0.105 g of 3-(2-(benzo[b]thiophen-2-yl)ethyl)-l- 
azabicyclo[2,2,2]octane hydrochloride • 1/4 hydrate. Melting point 218-220°C. 

[0042] 

[Working Example 8] 

0.28 g of (+)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl>l-azabicyclo[2,2,2]octane was dissolved 
in 10 mL of methanol, 0.038 g of sodium borohydride was added, and the mixture was agitated at room 
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temperature. After completion of the reaction, a saturated aqueous sodium carbonate solution was added 
to the reaction system, and the reaction product was extracted twice with chloroform. The organic layer 
was dried with anhydrous sodium sulfate, the solvent was distilled off under a vacuum to obtain a 
sediment which was subjected to silica gel chromatography, and 0.13 g of alcohol was obtained. 0.4 g of 
sodium iodide was dissolved in 5 mL of acetonitrile, 0.34 mL of chlorotrimethylsilane was added under 
ice cooling, and the mixture was agitated for 30 minutes at room temperature. 0. 13 g of alcohol was 
added at room temperature to the resulting yellow suspension, and the mixture was agitated for 30 
minutes at room temperature. After completion of the reaction, an aqueous solution of sodium sulfite was 
added, and the mixture was then alkalinized using saturated aqueous sodium carbonate. The reaction 
product was extracted twice with chloroform, and after the organic layer was dried with anhydrous 
sodium sulfate, the solvent was distilled off under a vacuum to obtain a residue, which was then subjected 
to silica gel column chromatography in order to obtain an oily product. The oily product was dissolved in 
isopropanoi, 32% hydrochloric acid-methanol was added, and the resulting crystals were filtered to obtain 
0.060 g of (+)-3-(2-(benzo[b]thiophen-2-yl)ethyl)-l-azabicyclo[2,2,2]octane hydrochloride • 1/4 hydrate. 
Melting point 248-250°C, [a] D = +4 1 .2° (c - 0.25, MeOH). 
[0043] 

[Working Example 9] 

The same reaction as in Working Example 8 was carried out using 0.3 1 g of (-)-3-(2- 
(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicyclo[2,2,2]octane to obtain 0.015 g of (-)-3-(2- 
(benzo[b]thiophen-2-yl)ethyl)-l-azabicyclo[2,2,2]octane hydrochloride. Melting point 228-232°C [a] D = 
-36.4° (c = 0.25, MeOH) 

[Working Example 10] 

[0044] 

[Chemical Formula 20] 

[0045] 0.76 g of benzo[b]thiophene was dissolved in 10 mL of tetrahydrofuran, 3.5 mL of a 
hexane solution of 6 N n-butyl lithium was added under a nitrogen atmosphere at -78°C, and the mixture 
was agitated for 10 minutes. Next, 5 mL of a tetrahydrofuran solution containing 1.0 g of N-methyl-N- 
methoxy-2-(l-azabicyclo[2,2,2]octan-3-yl)acetamide was added dropwise, and the mixture was agitated 
for 15 minutes at -78°C. After the reaction was completed, water was added to ithe reaction solution, and 
it was then extracted twice with chloroform. The organic layer was dried with sodium sulfate, the solvent 
was concentrated to obtain a residue, which was then subjected to silica gel column chromatography, and 
the chloroform elution fraction was concentrated to obtain a oily substance. The oily substance obtained 
was dissolved in isopropyl alcohol, 32% hydrochloric acid-methanol was added, and the precipitated 
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crystals were filtered off to obtain 0.23 g of 3-(2-benzo[b]thiophen-2-yl)-2-oxoethyl)-l- 
azabtcyclo[2,2,2]octane hydrochloride. Melting point 247-249°C. 
[0046] 

[Working Example 11] 

A 20 mL warm ethanol solution containing 1.3 g of L-malate was added to 30 mL of a warm 
ethanol solution containing 2.9 g of 3-(2-benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicyclo[2,2,2]octane. 
The solution was returned to room temperature and the precipitated crystals were filtered off. 3.5 g of the 
crystals obtained were recrystallized three times using aqueous ethanol to obtain 0.72 g of L-malate of 
(+)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicyclo[2 5 2,2]octane. A saturated sodium carbonate 
aqueous solution was added to the malate obtained, the mixture was extracted twice with chloroform, the 
organic layer was dried with anhydrous sodium sulfate, and the solvent was concentrated to obtain 
crystals which were dissolved in methanol, and hydrochloric acid-methanol was then added to precipitate 
crystals which were filtered off to obtain 0.28 g of (+>3-{2-(benzo[b]thiophen-2-.yl)-2-oxoethyl)-l- 
azabicyclo[2,2,2]octane hydrochloride • 1/5 hydrate. Melting point 226-227°C, [a] D = -36.2° (c = 0.25, 
MeOH). 

[0047] Working Example 12 

The filtrate obtained in Working Example 1 1 was mixed, saturated aqueous sodium carbonate 
solution was added to residue obtained by distilling off the solvent under a vacuum, and the mixture was 
extracted with chloroform. After the organic layer was dried with anhydrous sodium carbonate, the 
solvent was concentrated to obtain sediment, 5 mL of a warm ethanol solution containing 0.54 g of D- 
malate was added to 10 mL of a warm ethanol solution containing 1.15 g of this sediment, and the 
precipitated crystals were filtered off. The crystals obtained were recrystallized three times using aqueous 
ethanol to obtain D-malate of (-)-3-(2-(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-a^bicyclo[2,2,2]octane v ^ 
aqueous solution of saturated sodium carbonate was added to the malate, the target substance was 
extracted twice with chloroform, the organic layer was dried with anhydrous sodium sulfate, and the 
solvent was concentrated to obtain crystals, which were dissolved in methanol, after which hydrochloric 
acid-methanol was added to precipitate crystals which were then filtered off to obtain 0.28 g of (-)-3-(2- 
(benzo[b]thiophen-2-yl)-2-oxoethyl)-l-azabicyclo[2,2,2]octane hydrochloride. Melting point 230-232°C, 

[a] D = -36.0° (c = 0.25, MeOH). 
[Working Example 13] 
[0048] 

[Chemical Formula 21] 
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[0049] The same reaction as in Working Example 10 was carried out using 2.23 g of 
benzothiazole and 1.0 g of N-methyl-N-methoxy-2-(l-azabicyclo[2,2,2]octan-3-yl) acetamide to obtain 
0.24 g of 3-(2-(benzothiazole-2-yl)-2-oxoethyl)-l-azabicyclo[2,2,2]octane hydrochloride. Melting point 
274-275°C 

[Working Example 14] 

[0050] 

[Chemical Formula 22] 

[005 1] The same reaction as in Working Example 10 was carried out using 2.2 g of 1- 
methylbenzoiihidazole and 1.0 g of N-methyl-N-methoxy-2-(l-azabicyclo[2,2,2]octan-3-yl)acetamide to 
obtain 0.6 g of 3-(2-( 1 -methylbenzoimidazole-2-yl)-2-oxoethyl)- 1 -azabicyclo[2,2,2]octane 3 
hydrochloride. Melting point 246-247°C. 

[Working Example 15] 

[0052] 

[Chemical Formula 23] 

[0053] The same reaction as in Working Example 10 was carried out using 1.95 g of 
benzo[b]furan and 1.0 g of N-methyl-N-methoxy-2-(l-azabicyclo[2,2 J 2]octan-3-yl)acetamide to obtain 
0.6 g of 3-(2-(benzo[b]furan-2-yl)-2-oxoethyl)-l-azabicyclo[2,2,2]octane. hydrochloride • 175 hydrate.. 
Melting point 288-290°C. 

[Working Example 16] 

[0054] 

[Chemical Formula 24] 

[0055] The same reaction as in Working Example 8 was carried out using 1.0 g of 3- 
((benzo[b]thiophen-2-yl)carbonyl)-l-azabicyclo[2,2,2]octane to obtain 3-((benzo[b]thiophen-2- 
yl)methyl)-l-azabicyclo[2,2,2]octane hydrochloride. Melting point 264-265°C. 

[Working Example 17] 

[0056] 

[Chemical Formula 25] 
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[0057] The same reaction as in Working Example 10 was carried out using 5.4 g of 
benzothiophene and 2.0 g of N-methly-N-methoxy-2-(l-azabicyclo[2,2,2]octan-3-yl)carboxamide to 
obtain 1.0 g of 3-((benzo[b]thiophen-2-yl)carbonyl)-l-azabicyclo[2,2,2]octane hydrochloride • 1/5 
hydrate. Melting point 236-238°C. 

[Working Example 18] 

[0058] 

[Chemical Formula 26] 

[0059] The same reaction as in Working Example 8 was carried out using 1.0 g of 3-(3- 
(benzotbJthiophen^-yO^-oxopropyO-l-azabicyclo^^^octane to obtain 146 g of 3-(3- 
(benzo[b]thiophen-2-yl)propyl)-l-azabicyclo[2,2,2]octane hydrochloride^ 174 hydrate. Melting point 
176-178°C. 

[Working Example 19] 

[0060] 

[Chemical Formula 27] 

[0061] The same reaction as in Working Example 10 was carried out using 2.93 g of 
benzothiophene and 1 .65 g of N-methyl-N-methoxy-3-(l-azabicyclo[2,2,2]octan-3-yl)propanamide to 
obtain 1.6 g of 3-(3-(benzo[b]thiophen-2-yl)-3-oxopropyl)-l-azabicyclo[2,2,2]octane hydrochloride 1/5 
hydrate. Melting point 280-282°C. 

[0062] Formulation Example 1 

After 0.5 parts of the compound of Working Example 1, 25 parts of lactose, 35 parts of crystalline 
cellulose, and 3 parts of cornstarch were thoroughly mixed; this mixture was thoroughly kneaded with a 
binder prepared with 2 parts of cornstarch. This kneaded mixture was passed through a 16-mesh sieve, 
dried at 50°C in an oven, and then passed through a 24-mesh sieve. After the kneaded powder obtained 
was thoroughly mixed with 8 parts of cornstarch, 1 1 parts of crystalline cellulose, and 9 parts of talc, it 
was subjected to compression tabletting to obtain tablets containing 0.5 mg of the active ingredient each. 

[0063] Formulation Example 2 

1.0 mg of the compound of Working Example 1 and 9.0 mg of sodium chloride were dissolved in 
water for injection, pyrogenic substances were removed by filtering, the filtrate was transferred to an 
ampule under sterile conditions, and after sterilization, it was heat-sealed to obtain an injection 
preparation containing 1 .0 mg of the active ingredient. 
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[0064] The outstanding pharmacological activity of the compound of General Formula (I) was 
confirmed by the following series of tests. 

Experimental Example 1: Affinity for the a7 nicotinic receptor ([ 125 I]a bungarotoxin binding) 
Rat hippocampal specimens were homogenized with a 15-fold amount of chilled 0.32 M sucrose 
solution and centrifuged at 1,000 G for 10 minutes (4°C). The supernatant was removed and centrifuged 
at 20,000 G for 20 min. (4°C). The sediment was homogenized with chilled distilled water, and 
centrifugation was again carried out at 8,000 G for 20 min. (4°C). After this supernatant was centrifuged 
at 40,000 G for 20 min. (4°C), the pellet was again homogenized with chilled distilled water, and 
centrifugation was carried out at 40,000 G for 20 min. (4°C). The final sediment was then stored in a 
refrigerator (-80°C). On the day of the binding test, the sediment was suspended in chilled buffer solution ; 
(118 mM aqueous sodium chloride solution, 4.8 mM aqueous potassium chloride solution, 2.5 mM 
aqueous calcium solution, 1.2 mM aqueous magnesium sulfate solution, 20 mM Na-HEPES buffer, pH 
7.5) to prepare hippocampal membrane standard product. Using the method presented in a previous report 
(Briggs CA et al., Functional characterization of the novel neural nicotinic acetylcholine receptor ligand 
GTS-21 in vitro and in vivo. Pharmacolo. Biochem. Behav. 57 (1/2): 231-241, 1997), [ 125 I] a 
bungarotoxin (> 7.4 TBq/mmol, 1M-109, Amersham), the hippocampal membrane standard product, 
buffer solution (118 mM aqueous sodium chloride solution, 4.8 mM aqueous potassium chloride solution, 
2.5 mM aqueous calcium chloride solution, 1.2 mM aqueous magnesium sulfate solution, 20 mM Na- 
HEPES buffer, pH 7.5), and the test compound were incubated for 3 hours at 37°C. Using a cell harvester 
(Brandel), the reaction product was immediately suction-filtered on a Whatman GF/B filter (after 
pretreatment for a minimum of 3 hours in a 0.5% aqueous polyethylenimine solution containing 0. 1% 
bovine serum albumin) and washed three times with chilled buffer solution. The radioactivity ( I25 I) 
binding to the filter was measured using a gamma counter. Moreover, non-specific binding was 
determined in the presence of 1 \iM of a bungarotoxin (Wako Pure Chemical Industries Ltd.) or 100 nM 
of (-)-nicotine (Research Biochemicals Int., USA). Specific binding accounted for 50-70% of total 
binding. The IC 50 values for the compound according to the present invention and the control compound 
found in the test are shown below. The compound numbers shown are the working example numbers. The 
comparison compounds are compounds A and B below. 
Comparison Compound A: AR-R 17779 (WO96/06098) 
Comparison Compound B: 3-benzyloxy-l-azabicyclo[2.2.2] 

Octane (Compound 2 of Japanese Unexamined Patent Application Publication No. H4-22698 1 ) 
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[0065] 
[Table 1] 

Compound no. [ l25 I] a bungarotoxin binding 

Comparison Compound A 
Comparison Compound B 

[0066] Experimental Example 2: Affinity for the a4$2 nicotinic receptor [ 3 H] cytisine binding) 
Rat cerebral cortex specimens were homogenized with a 15-fold amount of chilled 0.32 M 
sucrose solution and centrifuged at 1 ,000 G for 10 minutes (4°C). The supernatant was removed and 
centrifuged at 20,000 G for 20 min. (4°C). The sediment was homogenized with chilled distilled water, 
and centrifugation was again carried out at 8,000 G for 20 min. (4°C). After this supernatant was 
centrifuged at 40,000 G for 20 min. (4°C), the pellet was again homogenized with chilled distilled water, 
and centrifugation was carried out at 40,000 G for 20 min. (4°C). The final sediment was then stored in a 
refrigerator (-80°C). On the day of the binding test, the sediment was suspended in chilled buffer solution 
(120 mM aqueous sodium chloride solution, 5 mM aqueous potassium chloride solution, 2.5 mM aqueous 
calcium solution, 1 mM aqueous magnesium sulfate solution, 50 mM Na-HEPES buffer, pH 7.4) to 
prepare cerebral cortex membrane standard product. 

[0067] [ 3 H] cytisine (555 GBq-1.48 TBq/mmol, NET- 1054, NEN Life Science Products, USA), 
the cerebral cortex membrane standard product, buffer solution (120 mM aqueous sodium chloride 
solution, 5 mM aqueous potassium chloride solution, 2.5 mM aqueous calcium solution, 1 mM aqueous 
magnesium sulfate solution, 50 mM Na-HEPES buffer, pH 7.4), and the test compound were incubated at 
4°C for 75 min. Using a Brandel cell harvester, the reaction product was immediately suction-filtered on a 
Whatman GF/B filter (after pretreatment for a minimum of 3 hours in 0.5% aqueous polyethylenimine 
solution containing 0. 1% bovine serum albumin) and then washed three times with chilled buffer 
solution. The filter was then placed in a vial, and after liquid scintillator was added, the radioactivity 
(tritium) binding to the filter was measured using a liquid scintillation counter. Liquid scintillator was 
added, and radioactivity (tritium) was measured using a liquid scintillation counter. Moreover, non- 
specific binding was determined in the presence of 10 mM of (-)-nicotine. (Research Biochemicals Int., 
USA). Specific binding accounted for 80% or more of total binding. It was found in this test that the IC50 
value for the compound of the present invention was 1000 nM or above, showing an extremely weak 
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affinity for the <x4p2 nicotinic receptor. This shows that the compound of the present invention is a 
compound having selective affinity for the oc7 nicotinic receptor. 

[0068] Experimental Example 3: Agonist activity with respect to the al nicotinic receptor 
(electrophysiological test in PC 12 cells). 

PC 12 cells (purchased from Dainippon Pharmaceutical Co.) were inoculated onto a collagen- 
coated 35 mm 2 culture dish and cultured for 1-3 days, after which electrophysiological measurements 
were conducted. Under conditions of fixed PC 12 cell membrane potential (V H = -70 mV) using the 
nystatin pore formation patch clamp method (Akaike N. and Harata N., Jap. J. Physiol., Vol. 44, pp. 433- 
473, 1994), a solution of the test compound (dissolved in extracellular fluid) was administered by the 
external fluid instantaneous exchange method (Y-tube method, Murase et al., Brain Res. Vol. 525, pp. 84- 
91, 1990), and the amplitude of the induced transient inward current (a7 receptor response) was then 
measured: The composition of the extracellular and intracellular fluid and pipet internal solution used in 
measurement was as follows. 

Extracellular fluid: After dissolving 135 mM of sodium chloride, 2 mM of potassium chloride, 
1 mM of magnesium chloride, 5 mM of calcium chloride, 10 mM of glucose, and 12 mM of HEPES in 
purified water, the mixture was adjusted with tris-buffer to a pH of 7.4. 

Pipet internal solution: 150 mM of cesium chloride and 10 mM of HEPES were added, the pH 
was adjusted to 7.2 using tris buffer to obtain a solution, and a 1/25 volume of 1% nystatin/methanol 
solution was added to obtain the pipet internal solution. Analysis of current response was conducted using 
pCLAMP software ver. 6 (Axon Instruments), and the peak value of transient inward current via the al 
nicotinic receptor was measured. For control purposes, taking the response in the same cells for 10 mM of 
chpline, an al nicotinic receptor full agonist, as 1 00%, the response for the study compound was 
expressed in %. As shown in Fig. 1, compound 1 1 showed partial agonist activity with respect to the al 
nicotinic receptor. 

[0069] 

[Effect of the Invention] 

The compound of General Formula (I) and optical isomers or pharmaceutically acceptable salts 
thereof show a selective and powerful al nicotinic receptor agonist action or al nicotinic receptor partial 
agonist action, and these substances are effective as therapeutic or preventive agents for disorders such as 
Alzheimer's disease, cognitive function impairment, attention deficit disorder, anxiety, depression, 
schizophrenia, epilepsy, pain, Tourette's syndrome, Parkinson's disease, and Huntington's disease, 
therapeutic or preventive agents for neurodegenerative diseases involving abnormalities in cholinergic 
neurotransmission, or anti-smoking agents. Moreover, the compound of the present invention shows 
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outstanding oral absorption and passage into the brain, demonstrating favorable properties as a central 
nervous system agent. 

[Simplified Explanation of the Figures] 

[Fig. 1] A figure showing the results of Experimental Example 3. 
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